



SIZING OF ENERGY STORAGE BASED ON LOSS OF LOAD PROBABILITY 
























SIZING OF ENERGY STORAGE BASED ON LOSS OF LOAD PROBABILITY OF 












A project report submitted in partial fulfilment of the   
requirements for the award of the degree of  





Faculty of Electrical Engineering  




















to my supervisor and family who encouraged 






























Firstly, special thanks are given to my parents for their full support and 
encouragement for my studies in this institution.  I would also like to express my 
gratitude and appreciation to my supervisor, Dr.  Tan Chee Wei for his supervision, 
guidance and encouragement toward this study.  He has been patiently read through 
the entire text and guiding me when I came across any difficulties throughout 
conducting this research. 
 
 
 Overall thanks to all my colleagues and friends who have contributed to the 
success in completing this project.  Finally, I would like to express my sincere 
appreciation for those who have encouraged and assisted me throughout this study to 

























If the standalone PV system is optimally design, it can be cost effective and 
reliable.  This process is called optimal sizing, which focused on finding the lowest 
cost for the PV system at the acceptable reliability.  The project is focused on finding 
the optimum configuration for PV system at FKE Building, UTM, Johor.  The 
configuration consists of two components; number of PV arrays and number of 
battery.  By manipulating these two components, the reliability of the PV system can 
be controlled.  For this project, the reliability is measured using Lost of Load 
Probability (LOLP) concept for one year duration.  The LOLP of the system is 
calculated for every configuration starting from one PV array and one battery until 
100 PV arrays and 100 batteries.  The project used 0.1 LOLP as the reliability level, 
which means only 10% of the total energy demand could not be satisfied by the PV 
system.  Out of the configurations that meet the 0.1 LOLP, the most cost effective 
configuration needs to be determined.  For this project, two methods are used for the 
optimal sizing; Graphical Construction Method (GCM) and Life Cycle Cost (LCC) 
analysis.  GCM is focus on finding the optimal size of the system depending on the 
initial cost of the PV arrays and batteries, while LCC analysis considered all the cost 




















Jika sistem PV jenis Berdiri Sendiri direka bentuk dengan baik, ianya akan 
menjadi murah dan boleh dipercayai.  Proses ini dipanggil saiz optimum, iaitu proses 
mencari sistem PV yang termurah pada kebolehpercayaan yang boleh diterima.  
Projek ini fokus dalam mencari configurasi yang optimum untuk Sistem PV di 
Banggunan FKE, UTM, Johor.  Configurasi ini terbahagi kepada dua komponen; 
bilangan tatasusun PV dan bilangan bateri.  Dengan memanipulasi dua komponen 
ini, kebolehpercayaan sistem PV boleh dikawal.  Untuk projek ini, kebolehpercayaan 
diukur dengan menggunakan konsep Kebarangkalian Kehilangan Beban (LOLP) 
selama satu tahun.  LOLP bagi sistem ini dikira bagi setiap konfigurasi bermula dari 
satu tatasusun PV dan satu bateri hingga 100 tatasusun PV dan 100 bateri.  Projek ini 
menggunakan 0.1 LOLP sebagai tahap kebolehpercayaan yang bermaksud hanya 
10% daripada kesemua permintaan tidak dapat dipenuhi oleh sistem PV.  Daripada 
kesemua konfigurasi yang memenuhi 0.1 LOLP, konfigurasi yang paling murah 
perlu ditentukan.  Untuk projek ini, dua kaedah digunakan untuk menentukan saiz 
optimum; Kaedah Pembinaan Grafik (GCM) dan analisis Kos Kitaran Hayat (LCC).  
GCM lebih menfokus dalam mencari saiz optimum sistem yang bergantung kepada 
kos permulaan bagi tatasusun PV dan bateri, manakala analisis LCC mengambilkira 
kesemua kos disepanjang projek ini berjalan. 
 
 
 
 
 
 
 
 
